A novel benzofuran derivative (R)-(؉)-Ligulaodonin
More than 20 Ligularia species are being used in Chinese folk medicines. Their roots, stems, leaves, and flowers are effective anti-inflammation agents, able to reduce phlegm and relieve cough and pain. 1) As part of our program to systematically assess the chemical and biological diversity of Ligularia species in China, we have previously reported several new eremophilane-type sesquiterpenes, bisabolane-type sesquiterpenes and nortriperpenes obtained from some species of the genus Ligularia. [2] [3] [4] [5] [6] [7] Continuing our investigation into this genus, we report here the isolation and structural elucidation of a novel benzofuran derivative (R)-(ϩ)-Ligulaodonin A (1) and a new olean-12-ene triterpene (5) along with 10 known compounds from the whole plant of Ligularia odontomanes HAND.-MAZZ. No report has been found about the constituents of this plant to date. The known compounds were identified as 5,6-dimethoxy-2-isopropenylbenzofuran (2), 8) euparin (3), 9) 2-acetyl-5,6-dimethoxybenzofuran (4), 10) gummosogenin (6), 11) lupeol (7), 12) Liguhodgsonal (8), 13) Ligujapone (9), 13) 1b,6a-dihydroxy-4(14)-eudesmene (10), 14) 2-hydroxy-4,5-dimethoxybenzaldehyde (11), 15) b-sitosterol (12) 16) respectively, by comparison of their spectroscopic data with those previously described in the literature.
Results and Discussion
Compound 1H, s) . Four of five aromatic protons were the para-position protons of benzene rings, while a remaining proton had to be assigned to the furan ring. The 13 C-NMR and DEPT spectra showed 22 carbon signals including one methyl group, one methylene group, four methoxyl groups, one oxygenated quaternary carbon, one carbonyl, one benzofuran ring and one benzene ring, corresponding to 11 degrees of unsaturation. With seven oxygen atoms, four of them were assigned to four methoxyl groups, one to a benzofuran ring, and one to a carbonyl, therefore, the last one indicated an oxide ring was present, in accord with the remaining degree of unsaturation. The structure of 1 was finally concluded to be as shown in Fig. 1 by the HMBC spectrum, in which the two and three bond heteronuclear correlations from H 3 -12 to C-2, C-10 and C-11, from H 2 -11 to C-2, C-10 and C-7Ј, from H-3 to C-2, C-4 and C-9, from H-6Ј to C-1Ј, C-4Ј, C-5Ј and C-7Ј, and from H-3Ј to C-1Ј, C-2Ј, C-4Ј and C-5Ј were observed and the correlations of OCH 3 The absolute configuration of 1 was elucidated by CD excition chirality method. 17, 18) The sign of the first Cotton effect was negative [l max 244.1 nm (De Ϫ25.3)], while that of the second one [l max 240.5 nm (De ϩ18.5)] was positive, indicating that the chirality between 5,6-dimethoxybenzofuran ring and benzene ring at C-10 should be unclockwise. Thus, the absolute configuration at C-10 was assigned as R. Ac-cordingly, the structure of compound 1 was concluded and named as (R)-(ϩ)-Ligulaodonin A. The carbon skeleton of 1 is very rare in nature and its possible biosynthetic pathway is proposed in Chart 1, in which compounds 2 and 11 obtained from the species are perhaps the precursor compounds of 1.
Compound C-NMR spectrum showed the presence of one ketone carbonyl group at d 217.6 (C), one aldehyde carbonyl group at d 209.5 (CH), one trisubstituted double bond group at d 123.6 (CH) and 141.8 (C) and one methine bearing a hydroxyl at d 65.5 (CH). These evidence suggested that compound 5 was an olean-12-ene-28-al 11) with a hydroxyl and a ketone carbonyl group. Comparison of the NMR data of 5 with those of compound 6 11) suggested that the hydroxyl group was connected at C-16 (d C 65. ϩ in the EI-MS spectrum supported this conclusion. Therefore, compound 5 was assigned as 3-oxo-16b-hydroxyolean-12-ene-28-al.
Experimental
General Experimental Procedures Optical rotations were measured on a Perkin Elmer 341 polarimeter. IR spectra were taken on a Nicolet NEXUS 670 FT-IR spectrometer. UV spectrum was measured using a Shimadzu UV-260 spectrophotometer. CD spectra were determined on a JASCO J-20C Recording spectropolarimeter. NMR spectra were recorded on a Varian Mercury-300BB NMR spectrometers with TMS as an internal standard. EI-MS data were obtained on an HP5988 GCMS spectrometer. HR-ESI-MS data were measured on a Bruker Daltonics APEX II 47e spectrometer. Silica gel (200-300 mesh) used for CC and silica gel GF 254 (10- ) was subjected to a silica gel column chromatography (200-300 mesh, 40 g) with petroleum ether-AcOEt (8 : 1, 4 : 1) to give 9 (2 mg), 10 (1 mg) and 6 (8 mg). The fraction of petroleum ether-acetone (4 : 1, 7.0 g) was subjected to a silica gel column chromatography (200-300 mesh, 70 g) with petroleum ether-acetone (3 : 1) to give 11 (3 mg) and 1 (6 mg 
